Abstract. Our study is dedicated to the development of the methodology for an accurate characterization of the support and the inks of the Dead Sea Scrolls. To that aim we use optical and electron microscopy. micro-XRF, 3D-SY-XRF, diff erent IR methods including synchrotron radiation based refl ectance spectroscopy. Simulation experiments to identify diff erent water sources and binding agents in the carbon inks are presented.
Introduction
Material study of the Dead Sea Scrolls has accompanied the work on the texts since the fi rst days aft er the discovery of the scrolls. Questions on the identifi cation of the support material and the fi rst attempts of establishing its age date to the late fi ft ies and early sixties [1] [2] [3] [4] [5] . J. Poole and R. Reed's comprehensive work revealed that the parchment production process was diff erent from that known since the Middle Age, namely they discovered that tannins were applied to the parchment surface at the stage of fi nishing. In the same study the authors pointed out that the distribution of the elements in the composition of the parchment was highly inhomogeneous and, thus, incompatible with a single place of production. Th ey also investigated the shrinkage temperature, a property refl ecting the gelatinization degree of collagenous material. If gelatinization is the main eff ect of aging, the shrinking temperature is a measure of the age of a material. Indeed, the shrinkage temperature for the majority of the samples they analyzed fell within a narrow band. In his groundbreaking study in 1980, S. Weiner employed X-ray diff raction to determine the ratio of collagen to gelatin in a number of scrolls. His results confi rmed the assumption of Poole and Reed [6] . Moreover, the use X-ray diff raction has allowed a better understanding of the degradation process in parchment and has become a routine application today [7] . Both methods are also well suited for a quick determination of forgery.
Radiocarbon dating of the scrolls conducted in the 90's corroborated largely the dating of the scrolls based on the paleography [8, 9] . However, some reservations towards the results obtained by this method were voiced recently. It is known that some of the scrolls were treated with castor oil to enhance text legibility. Usual sample cleaning procedure does not remove castor oil completely, resulting in a younger age for the material tested [10] . A new cleaning procedure has been developed to solve this problem [11] . Another solution could be the use of a sensitive and non-destructive method able to identify foreign organic materials, to identify the samples suitable for radiocarbon dating [12] .
Further historical queries that might be solved with the help of the material study include the question of the origin of the scrolls [13], of their archaeological provenance [14] and of the correct attribution of the fragments to one scroll [15] . In this contribution we summarize the main principles of our approach and illustrate it with examples.
Principles of the approach
Our approach is based on the recognition of various traces accumulated on a fragment in the course of its history. Spatially resolved measurements of elemental composition with subsequent chemical analysis by means of vibration spectroscopy allows determination of characteristic patterns, the so-called fi ngerprints. Th e latter can be then correlated with a distinct event in the life span of the fragment. Th e cross section sketch in fi gure 33 presents schematically the main periods of discernible trace accumulation as spatially separated layers: production of parchment, inscription, use, storage in the caves, post discovery treatments. In reality the layers are not separated. However, intermixing layers present a problem only in the rare cases of com-
